Abstract Nutrient composition of crude and digested spent wash and effect of their application on sugarcane growth and biochemical attributes were studied. Higher concentrations of essential nutrients (P, S, Fe, Mn, Zn, Cu) and heavy metals (Cd, Cr, Ni and Pb) were present in crude spent wash (CSW) as compared to the digested spent wash (DSW); sulphur content was the highest (765 μg ml −1 in DSW and 1,609 μg ml −1 in CSW) among all nutrients analyzed. Sugarcane (Saccharum spp. hybrid cultivar CoLk 8102) setts grown in soil pot culture conditions with different rates of crude spent wash (5, 10, 20 and 100 ml kg −1 soil) along with digested spent wash (100 ml kg −1 soil) showed improvement in bud sprouting (10.5 %), settling height (40 %), root number (9.4 %), root length (13.2 %), chlorophyll a (52.9 %) and b (55.3 %) contents and activity of catalase (98 %) enzyme over control at low rate of crude spent wash (5 ml kg −1 soil).
Introduction
Distillery effluent or spent wash (SW) is usually considered as waste of distillery processes and can be classified as a dilute organic liquid fertilizer with high potassium content (Samuels 1980) . In recent years, due to expansion of distilleries in sugar cane growing countries, the disposal of SW has become an acute problem. In India, about 15,000 million liters of spent wash is produced annually from 246 distilleries which is characterized by undesirable color, foul odor, high biological oxygen demand (BOD: 5,000-8,000 mg l −1 ) and chemical oxygen demand (COD:
25,000-30,000 mg l −1 ) (Joshi et al. 1994) . Such situation has created an acute problem of spent wash disposal with the expansion of distilleries in the sugarcane growing countries. Spent wash whether treated or not, is used to irrigate sugarcane as well as to provide nutrients to crop as it also contains the essential plant nutrients required for its growth (Samuels 1980; Yadav et al. 2010) . Besides, it also contains heavy metals (Srivastava and Jain 2010) . As a result, it may exert deleterious effect on sugarcane growth if the heavy metals are present in amount exceeding their toxicity limits due to higher application of spent wash. Spent wash also contaminates drinking water for human beings and animals and irrigation water. Industrial effluents containing heavy metals also pollute the cultivated fields and underground water either through seepage or letting these into the fields nearby. The total amount of Pb may range from 2 to 200 ppm in such agricultural lands. The judicious use of SW will help to improve soil health and crop productivity and alleviate environmental pollution problems (Deverajan and Oblisami 1995) . Its application to soil at low concentration has been reported to be beneficial to increase sugar cane (Mohamed Haron and Subash Chandra Bose 2004) , rice (Deverajan and Oblisami 1995) , wheat and rice (Pathak et al. 1998) , mustard yield (Malaviya and Sharma 2011) and ground nut quality and physiological response of soybean (Ramana et al. 2001) . Diluted spent wash could be used for irrigation purpose without adversely affecting soil fertility (Raverkar et al. 2000; Kaushik 2005 ) and crop productivity (Ramana et al. 2001) . Spent wash irrigation (33 %) increased the yield of pulses (Chidankumar et al. 2010 ). In present investigation, an attempt has been made to determine the nutrient composition of crude and digested spent wash and their impact on germination, growth and biochemical attributes of sugarcane.
Materials and methods
Single bud setts of sugarcane (Saccharum spp. hybrid) cultivar CoLk 8102 were grown in pot culture conditions containing farm soil (pH 6-7) with different rates of applied crude spent wash (BOD 40,000 mg l −1 , pH 4.0) (5, 10, 20
and 100 ml kg −1 soil) along with a digested spent wash (BOD: 4,000 mg l −1 , pH 9.0) (100 ml kg −1 soil) and control (water treatment). The pots were kept under net house conditions (day temperature 31.1-37.6°C; night temperature 15.6-19.7°C). Data on bud sprouting and growth attributes were recorded for 30 days after planting. Chlorophyll contents were determined in fresh leaves by the method as described earlier (Jain and Shrivastava 2003) . For enzyme assay, fresh leaf samples were ground and extracted (2 ml 0.2 g FW) in 50 mM sodium phosphate buffer, pH 7.0 containing 2 mM EDTA and 5 mM β-ME. The homogenate was centrifuged at 10,000 g for 10 min at 4°C. The supernatant was dispensed into aliquots for further analyses.
Catalase (CAT) was assayed by the methods described earlier (Jain and Shrivastava 2003) . For peroxidase assay, the reaction mixture containing 5 ml 0.1M phosphate buffer, pH 6.0, 1 ml 0.01 % H 2 O 2 , 1 ml 0.5 % p-phenylenediamine and enzyme extract (0.1 ml) was incubated for 5 min at 25°C (Luck 1963) . The color developed was measured at 485 nm, and the peroxidase activity was expressed as units mg −1 protein. Soluble protein was determined in enzyme extracts according to Lowry et al. (1951) . Nutrient and heavy metal contents were determined in both crude spent wash (CSW) and digested spent wash (DSW) after wet digestion in a di-acid mixture (HNO 3 : HClO 4 ) in 10: 1 ratio as described by Jain et al. (2000) . Nutrient contents viz., phosphorus (P) (Jain et al. 2011) , sulphur (S) (Beaton et al. 1968) , micronutrients (Fe, Mn, Zn, Cu) and heavy metals (Cd, Cr Ni and Pb) were determined in clear digests by atomic absorption spectrophotometer (AAS) and expressed as μg ml −1 spent wash.
All the data presented are the mean of three replications.
Statistical analysis
Standard deviation (±SD) was calculated using means of three replicates as described by Panse and Sukhatme (1985) .
Results and discussion
Spent wash is the residual liquid waste generated during alcohol production and pollution caused by it is one of the most critical environmental issues. Despite standards imposed on effluent quality, untreated or partially treated effluent very often finds access to water courses. The distillery wastewater with its characteristic unpleasant odor poses a serious threat to the water quality in several regions around the globe. The ever increasing generation of distillery spent wash on the one hand and stringent legislative regulations of its disposal on the other has stimulated the need for developing new technologies to process this effluent efficiently and economically including plant growth and yield (Sarayu et al. 2009 ).
In present study, analysis of crude and digested spent wash indicated very high concentrations of P, S, Fe, Mn, Zn and Cu and a number of heavy metals in CSW as compared to those in DSW. Concentrations (μg ml (Table 1) . Very low rates of application of CSW (5 ml kg −1 soil)
showed improvement in bud sprouting (10.5 %), settling height (40 %), root number (9.4 %), root length (13.2 %) (Fig. 1) .Whereas, high rates of CSW (20, 100 ml kg −1 soil) as well as DSW (100 ml kg −1 soil) decreased these Values are mean of three replicates ± SD attributes; decrease was about 17.4-50 % in bud sprouting, 6.7-33.3 % in settling height, 31.2-68.8 % in root number, and 36.2-64.6 % in root length; highest decrease was observed at 100 ml CSW kg −1 soil (Fig. 1) . Adverse effects of crude spent wash were higher as compared to the digested one. Similar to sugarcane, lower concentration of distillery effluent (10 %) was found favorable for seed germination in forest seedbeds (Pandey and Soni 1994) and vegetables (Chandraju and Basavaraju 2007) . Improvement in growth and bud germination due to diluted SW were also obtained by Nallathambhi et al. (1999) . Mahimairaja and Bolan (2004) also found that low doses of distillery effluent remarkably improve growth and yield of dry land crops (ragi, groundnut, sorghum and green gram). Experiments conducted in the major sugarcane growing areas in Guanxi, China showed inhibitory effects of vinasse (liquid waste or spent wash) on seed cane emergence (Li et al. 2007 ). The distillery effluent exhibited the significant deleterious effect on seed germination and early seedling growth in pigeon pea (Karande and Ghanvat 1994) . Most seed cane buds could not sprout probably due to the anaerobic conditions produced by application of vinasse due to its high BOD and COD. This may be attributed to the nutritional imbalance as well as reduction in the availability of essential nutrients to the plants due to increase in the osmotic pressure of soil irrigated with higher concentration of effluent (Ramana et al. 2001) . Diluted spent wash increases the growth of shoot length, leaf number, leaf area and chlorophyll contents (Rani and Srivastava 1990 ). Plants supplied with graded concentrations of CSW exhibited variations in chlorophyll a and b contents. Very low rates of CSW (5 ml kg −1 soil) showed the highest chlorophyll a (2.4 mg g −1 fwt) and b (0.73 mg g −1 fwt) contents, while minimum contents of chlorophyll a (0.33 mg g −1 fwt) and chlorophyll b (0.11 mg g −1 fwt) were observed at 100 ml kg −1 soil CSW (Fig. 2) . The increase in chlorophyll content in low concentration spent wash treatment suggests that synthesis of chlorophyll is accelerated in low concentration. Similar findings have been reported by many workers (Rani and Srivastava 1990; Orhue et al. 2005; Rath et al. 2011) . Some of the possible reasons for the decrease of pigment contents may be due lower availability of essential nutrients due to poor root growth (Rath et al. 2011) . The high rate of CSW (100 ml kg −1 soil) exhibited minimum activity of catalase enzyme (31.6 μmol H 2 O 2 decomposed mg −1 protein), while, maximum activity was obtained at the low rate of CSW (5 ml kg −1 soil) (97 μmol H 2 O 2 decomposed mg −1 protein) (Fig. 2) . In contrast to this, Baghel (2008) found increased activity of catalase enzyme pea plant with an increase in concentration of treated distillery effluent indicating toxic and inhibitory effect of distillery effluent. The specific activity of peroxidase enzyme showed improvement at all the levels of spent wash indicating general response of variable nutrient stress. Increased activity of peroxidase in response to spent wash was observed by other workers also (Singh et al. 2003; Baghel 2008) . Lower content of soluble protein was observed in leaf tissues of treated plants; untreated control having maximum content (Fig. 2) . These findings indicated stimulatory effects of very low rates of CSW (5 ml kg −1 soil) application on sugar cane growth attributes, chlorophyll content and enzyme activity. However, high rates of CSW (100 ml kg −1 soil) exhibited significant inhibitory effects on these attributes which may be due to higher availability of toxic metals (Cd and Pb) in growing medium and thus toxic to sugarcane plants. Inhibitory effect of higher doses (100 ml kg −1 soil) of spent wash on root and shoot growth of sugarcane led to alteration in mineral composition, metabolic activities and mitotic activity (Srivastava and Jain 2010) which in turn resulted in reduction in sugarcane growth. Therefore, judicious use of spent wash will help to improve soil health and crop productivity and alleviate environmental pollution problems.
